Purpose Lymph node metastasis (LNM) is a strong prognostic factor in many solid cancers, including head and neck squamous cell carcinomas (HNSCC), and LNM can be dependent upon primary tumor biology, as well as tumor dimension. Here, we investigate the relative risk of LNM in accordance to tumor dimension and biology in HNSCC subsites.
Introduction
Regional lymph node metastasis (LNM) is a well-known prognostic indicator in many types of solid cancer, including head and neck squamous cell carcinomas (HNSCC) [1] . LNM negatively influences the overall survival and increases the likelihood of distant metastases [2] . In HNSCC, the correlation between LNM and distant metastases is quite strong, especially with the presence of LNM in the neck being one of the strongest prognostic factors [2, 3] . Moreover, the presence of LNM, number and size of involved lymph nodes, and nodal characteristics, including extra-capsular spread, significantly influence regional recurrence, distant metastases, and [4, 5] . Accurate diagnosis and therapeutic control of LNM is pivotal in the management of HNSCC [6] .
The accepted treatment protocols for patients with HNSCC with clinical LNM are surgical ablation or chemoradiation therapy [6] . However, even in a clinically negative neck, surgical data from prophylactic neck dissection have demonstrated high rates of occult LNM for up to 34% of the patients in the majority of HNSCC [7] . Recently, several clinical and pathological features of primary tumors have been claimed to be predictive for occult metastases [8] . As the primary determinant of T classification, the maximum tumor diameter and invasion depth of primary tumors have been considered an important risk factor for regional LNM [9, 10] . These data reflect the concept that regional LNM can be induced by time-dependent tumor burden or chronological age of primary tumors [11] .
However, LNM from undetected or small primary lesions definitely exist in some cases, indicating that LNM is not always dependent upon the physical dimension of the primary tumors. Furthermore, a series of data presenting the significant correlation between lymphovascular invasion (LVI) and perineural invasion (PNI) with concomitant LNM suggest that the tumors with aggressive biological characteristics have higher risks of regional LNM [12, 13] .
A recent report has confirmed that tumor dimension and biology have a similar impact on the presence of LNM in breast cancer [11] . Despite this body of knowledge, a few reports have linked these two phenotypes on LNM occurrence in HNSCC. Thus, this study was designed to identify the relative impact of tumor dimension and tumor biology on regional LNM in patients with HNSCC, particularly focusing on the subsites of the head and neck.
Materials and Methods

Subject selection
Medical information was extracted from a prospectively collected data in accordance to the standardized protocols in our institute for HNSCC, which included tumor size, thickness, and pathology details. Participants provided written informed consents. Among various subgroups of HNSCC, oral tongue, oropharynx (tonsil or base of tongue), and hypopharynx (pyriform sinus) cancers were included for analyses. Patients who had undergone surgery as the initial treatment between 2003 and 2012 were included. All pathology diagnoses were squamous cell carcinomas. Among them, the subjects were excluded from the analyses because of incomplete pathological information (n=48) and followup duration of less than 2 years in case of no events (n=55); the final number of study subjects was 295. The baseline subject characteristics are summarized in Table 1 . Of 295 HNSCC, oral tongue cancer was predominated (n=174), followed by oropharynx and hypopharynx cancer. LNM was more prevalent in oropharynx and hypopharynx cancer compared to tongue cancer (p < 0.0001 and p=0.0028, respectively). There was a significant correlation between T classification and LNM (p < 0.0001). In patients with LNM (n=153), distribution of N stage was N1 (n=43), N2 (n=104), and N3 (n=6), respectively.
Dimensional and biological variables of primary tumors
The five major variables were selected as determinants of tumor dimension and biology. As tumor dimensional variables, we evaluated the tumor thickness and estimated tumor volume calculated from pathology specimen. The estimated tumor volume was calculated by the equation: 1/2!maximal diameter!minimal diameter!tumor thickness. As biological variables, we evaluated the presence of LVI, PNI, and differentiation status of primary tumors (=tumor grade). Patients with all available data for the five major variables were only included in the analyses.
To investigate the impact of tumor dimension and biology on disease recurrence/ systemic metastasis and survival, the survival analyses were conducted. The events of interest were defined as progression to recurrence or distant metastasis. Follow-up durations were defined as time gap between the completion of initial treatment, including adjuvant therapy, and the occurrence of events of interest. The mean follow-up duration was 32.5 months (range, 0 to 154 months). The events of interest within 1 month after completion of treatment were defined as a follow-up duration of 0.
Statistical analyses
The baseline characteristics were analyzed for association of LNM, using a chi-square test for categorical variables and Wilcoxon rank sum tests for continuous variables. Post-hoc comparison of the association with primary tumor subsites and LNM was assessed by Fisher exact test using permutation method for multiple testing. The association between the selected variables and the presence of LNM with adjustment of primary tumor subsite was determined by a logistic regression analysis. To evaluate the predictive ability for five variables of tumor dimension and biology on the presence of LNM, the area under the curves (AUC) was calculated from receiver operating characteristics (ROC) curve analysis. The combined measures for tumor dimension and tumor biology were defined by a logistic regression model for two and three variables. In order to assess the significance for the added predictive ability of the combined measure from the single variable, the integrated discrimination improvement (IDI) method was used. Subgroups analyses of LNM predictability, in accordance to the primary tumor subsites, were used. Univariate survival analyses of the possible clinical factors, tumor dimensional, and biological variables were conducted, using log-rank tests, and then Cox proportional hazards model was used to assess the association of the selected variables on disease-free and overall survival. All statistical analyses were executed using SAS ver. 9.3 (SAS Institute, Cary, NC). A p < 0.05 was considered statistically significant. If needed, Bonferroni's correction was used for multiple testing, such as subgroup analysis.
Results
Impact of variables of tumor dimension and biology on the occurrence of LNM
Univariate analyses of five major variables regarding tumor dimension and biology revealed significant association with the presence of LNM, except PNI (Table 1) . Because tumor subsite was significantly associated with the presence of LNM, we performed multivariate analyses for the variables of tumor dimension and biology adjusting to tumor subsite, which also showed a significant correlation of all these five variables with the occurrence of LNM (Table 2) .
Next, to evaluate the predictability of LNM by variables of tumor dimension and biology, we performed ROC curve analysis. Both tumor volume and thickness could predict the presence of LNM with an AUC of 0.7546 and 0.7570, respectively (Fig. 1A) . A combined measure of tumor dimension (10) Values are presented as median (25th-75th percentile) or number (%). p-values are derived from Wilcoxon rank sum tests or chi-square tests depending on the type of variables.
had increased AUC of 0.7682 and significantly increased the sensitivity without sacrificing specificity. Variables of LVI, PNI, and tumor grade could also predict LNM with AUC of 0.6666, 0.5342 and 0.6518, respectively (Fig. 1B) . The combined measure of tumor biology increased AUC of 0.7717, and significantly increased the sensitivity. Combined measure of all five variables representing tumor dimension and biology strikingly increased the predictability of LNM with AUC of 0.8315 (Fig. 1C) . Comparisons of predictive sensitivity between combined measures of tumor dimension and biology indicated no significant difference (IDI, 0.0223; 95% confidence interval, -0.0607 to 0.0954; p > 0.999), suggesting that each combined measure of tumor dimension and biology had a similarly equivalent impact on the occurrence of LNM in HNSCC.
Subsite difference in predictability for LNM from tumor dimension and biology variables
These results led us to investigate the roles of tumor dimension and biology on each subsite of HNSCC. Interestingly, in oral tongue cancers, the predictive ability of tumor dimensional factors (AUC, 0.8403) was higher than biological factors (AUC, 0.7515) (Fig. 2A) . A combined measure of all variables did not significantly increase the predictive sensitivity for LNM compared to tumor dimension (p=0.076), but was statistically significant in comparison with tumor biology (p < 0.001), indicating that the predictive sensitivity of LNM in oral tongue cancer is mainly dependent on tumor dimensional factors.
On the other hand, in oropharynx cancers, the predictive ability for LNM was rather low in tumor dimensional factors (AUC, 0.7125) in comparison to tumor biological factors (AUC, 0.8070) (Fig. 2B) . A combined measure of all variables significantly increased the predictive sensitivity for LNM compared to tumor dimension (p=0.006), but had no statistical significance with respect to tumor biology (p=0.789), suggesting that the predictive sensitivity of LNM in oropharyngeal cancer is highly dependent on tumor biological factors. Similarly, in hypopharynx cancers, tumor dimensional factors had almost no predictive ability for LNM (AUC, 0.4354) and only biological factors had predictive ability for LNM (AUC, 0.7094) (Fig. 2C) . A combined measure of all variables significantly increased the predictive sensitivity for LNM compared to tumor dimension (IDI=0.1391, p=0.040), but had no statistical significance in comparison to tumor biology (IDI=0.0040, p > 0.999). Thus, the impact of tumor dimension and biology was context-dependent in terms of tumor subsites in HNSCC; particularly in oro-and hypo-pharyngeal cancers, tumor progression to regional lymph nodes was influenced more by biological factors of primary tumor, rather than tumor dimension.
Impact of tumor dimension and biology on disease outcomes and survival
Previous studies have indicated a strong correlation between LNM in HNSCC and distant metastasis [2, 3] . To evaluate whether the dimension or biology of the primary tumor affects the occurrence of distant metastasis or recurrence of loco-regional sites, 281 study patients were analyzed for disease-free survival. We excluded 14 patients from survival analyses due to incomplete medical and follow-up data among 295 initial subjects. Estimated disease-free survival rate of the total subjects was 74.9% at 2 years and 70.4% at 5 years.
First, we divided the study subjects into three subsite groups to identify the difference of relative impact of tumor dimensional or biological factors. Univariate analyses included age, sex, nodal status (N), treatment modalities, and tumor dimensional or biological factors. T classification was significantly correlated with tumor dimensional variables; thus T classification was excluded from the subsequent analyses. Using potential factors significant in univariate analyses (p < 0.2), we conducted multivariate analyses, via a stepwise-selection method (Table 3) .
In concordance to the previous findings, analyses using Cox proportional hazards model also confirmed the subsite differences of relative tumor dimensional or biological impacts. In oral cavity cancer, one of the tumor dimensional variables, tumor thickness, remained significant in a multivariate analysis (hazard ratio [HR], 4.518; p=0.016); meanwhile, one of the biological variables, PNI, had a significant impact on disease-free survival in hypopharyngeal cancer (HR, 20.314; p=0.007) ( Table 3) . We further analyzed the impact of tumor dimension and biology on overall survival. Estimated overall survival rate was 78.5% at 2 years and 67.6% at 5 years. However, the results indicated that each variable of tumor dimension and tumor biology had no significant association with overall survival in our study patients (data not shown). 
Discussion
LNM acts as a very strong prognostic indicator in many solid cancers, as well as HNSCC, which led to investigations of the determinants of nodal metastatic cascade. In this study, a prediction of LNM in HNSCC based on primary tumor characteristics was analyzed using variables that represent tumor dimension and biology. The overall impact of tumor dimension and biology on LNM was similarly significant, with AUC of 0.7682 and 0.7717, respectively. Interestingly, the combined measure of the variables strikingly increased the predictive value for LNM with AUC of 0.8315. These results are comparable with recent data performed in breast cancer, which indicated the impact of tumor dimension and biology on LNM, with an AUC 0.6700 and 0.6852, respectively [11] . However, the overall predictive value was significantly high in this study in a comparison between HNSCC and those in breast cancer (AUC, 0.8315 vs. 0.7462). These results reflect important characteristics of HNSCC, in which there exist a strong association between primary tumor and metastatic lymph node. Generally, the dimension of a tumor has been considered to be a product of tumor size. However, the maximal tumor dimension, which is currently used in TNM staging, represents just one-dimensional information. Recently, the total tumor volume as a three-dimensional parameter has been proposed as an important prognostic factor in HNSCC [14, 15] . Therefore, we adopted an estimated tumor volume based on the pathological reports for three-dimensional analyses. Moreover, tumor thickness is a particularly strong independent predictive factor for LNM in the majority of HNSCC cases [10, 16] . Hence, we performed a combined measure of estimated tumor volume and tumor thickness as the dimensional variables, which showed a significant and context-dependent impact on LNM in HNSCC.
Tumor biological factors also significantly affect LNM in HNSCC. In this study, the impact of primary tumor biological factors on LNM was determined by a combined measure of LVI, PNI, and tumor grade, which showed a significant correlation with LNM in HNSCC [12] . As expected, LVI, PNI, and tumor grade had significant and synergistic roles on the n=14: excluded from survival analyses due to the incomplete medical records.
prediction of LNM with AUC of 0.6666, 0.5342, and 0.6518, respectively. In addition, a recent investigation also suggested that several molecular markers, including epidermal growth factor receptor (EGFR) expression, TP53 mutation, and human papillomavirus (HPV) infection status, are emerging prognostic factors and therapeutic targets in HNSCC [17, 18] . HPV-positive tumors have a relatively favorable prognosis, while tumors with TP53 mutations or EGFR over-expression have a relatively poor prognosis [19, 20] . Thus, further analyses for these markers as biological factors might give rise to an increase of the predictive value for LNM.
One may argue that our statistical models oversimplified the primary tumor characteristics, just divided into two arbitrary categories: tumor dimension and biology. Indeed, the tumor dimension, such as tumor volume and thickness, are possibly affected by tumor infiltrative activity or tumordoubling time as biological phenomena. Tumor biological factors are also partly reflected by dimensional progression of primary tumor. Thus, we cautiously selected and divided the indicated variables into a more probable side of the categories based on a previous report [11] . Despite the concerns, our simplified model has benefits, providing an acceptable understanding of nodal metastatic cascade and translating easily into the clinics for a more accurate prediction of LNM in different subsites of HNSCC.
One of the intriguing aspects of this study is the tumor subsite-specific analyses of HNSCC, which showed subsitedependent different predictive value of the indicated variables. In fact, each primary tumor site of HNSCC, such as oral tongue cancer and hypopharynx cancer, have been known to have different clinical characteristics, treatment protocols, and prognosis [6] . Concomitantly, we tried to analyze the impact of tumor dimension and biology on LNM in each subsite of HNSCC and showed the context-dependent impact of these variables by different subsites. In oral tongue cancers, a surprisingly high predictability of tumor dimension on LNM with AUC of 0.8403 indicated why local control, through either surgery or radiation therapy, is important [16, 21] . Meanwhile, in oropharynx and hypopharynx cancers, a more dominant impact of tumor biological factors and relatively low predictability of tumor dimensional factors on LNM suggest that understanding and therapeutic control of the tumor biology is necessary [18] .
Considering LNM in HNSCC as a strong prognostic factor that influences distant metastasis and survival, we tried to confirm our findings through the survival analyses. When we analyzed disease-free (recurrence or distant metastasis) survivals, we could observe a similar trend in survival analyses; tumor dimension (thickness) had a significant prognostic impact on disease-free survival in oral tongue cancer, as biological factor (PNI) did in hypopharynx cancer. However, it is interesting that the variables of primary tumor dimension or biology did not significantly impact the overall survival, despite the impact on LNM in our series. We cautiously interpreted these results to indicate that many host factors, which were not included in the analysis or biological factors in metastatic sites, may have a more direct impact on overall survival. Recently, it has been suggested that the biology and phenotype of primary tumors differ from those of metastatic lymph nodes [22, 23] , and tumor cells in different microenvironments respond differently to therapy [22, 24] . Possibly, metastatic nodal characteristics can be independent prognostic factors for distant metastasis and survival in HNSCC [25] . Thus, these points remain to be clarified through the further studies.
Conclusion
Both dimension and biology of primary tumors have a significant, tumor subsite-dependent impact on the occurrence of LNM in HNSCC. Particularly in oro-and hypo-pharyngeal cancers, tumor biological properties, which can be estimated through a biopsy or surgical pathology of primary tumors, could guide adjuvant treatment for regional lymph nodes. Meanwhile, the primary tumor dimension should be considered in decision making of neck management in oral tongue cancer; as such, an accurate evaluation of tumor dimension is important.
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